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INTRODUCTION. 


The ant-lion one the marvels the insect world and 
discussed practically every text-book entomology and 
almost every popular book insects. With the exception 
results derived from attempts analyze the behavior these 
insects into tropisms (4), European papers may epitomized 
follows: (1) the pits are formed sand that protected from 
the weather; (2) the larva excavates this pit moving backward 
constantly narrowing spiral and using its abdomen 
plowshare and its head for shovel; (3) with one its forelegs, 
the ant-lion scrapes the sand its head from the inner side 
the spiral; (4) with its body entirely concealed, the larva lies 
ambush, with its open jaws resting the bottom the finished 
pit; (5) tossing sand random, the ant-lion forces insects 
that alight the side the pit tumble the bottom; (6) any 
small terrestrial invertebrate may become its prey; (7) there 
mouth opening, the food being imbibed through tubes formed 
each mandible and another mouth-part. 

American scientific journals, have been able find only 
four articles treating our ant-lion. The first and the longest 
these Emerton (6). the fall 1870, found pit 
Myrmeleon immaculatus Geer, under the shade boulder, 
Danvers, Mass. The larva was carried home and placed 
bowl sand. Immediately buried itself. After remaining 
beneath the surface for several days, excavated pit. 
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mention made the larva using the foreleg shovel sand 
the flat head the manner described European and American 
popular writers. The larva was fed with flies. When given 
more than one time, would kill all before eating any. 
was kept over May spun its cocoon 
beneath the sand. June the adult emerged, leaving half its 
pupa skin the cocoon. 

August, 1871, Birge (2) found colony 600 ant-lions, 
under overhanging cliff, Albany County, These 
pits were soil composed fine disintegrated limestone 
commingled with pebbles and minute fragments stone. 
Whenever insect alighted upon the sides the pit the ant- 
lion began toss the soil all directions. 

Moody (14) states that the ant-lion observed him rests 
the bottom the pit with its jaws only showing, and that 
throws sand escaping prey. formed its cocoon June 
and emerged July 

Moffat (13) writes: loose sand evidently necessity 
their existence any mentions the throwing 
sand when ant steps the side the pit. 


THE 


Most accounts give the erroneous impression that the pits 
ant-lions are formed only sand. Even scientific magazine, 
Moffat (13) writes, loose sand evidently necessity 
their existence any locality.’’ loose friable soil protected, 
more less, from rain and shielded from chickens and similar 
insect feeders all that needed. may anything from the 
finest dust coarse sand. open sheds with dirt floors, under 
porches where the place not too dark, beneath low railroad 
bridges that span sandy, dusty, cindery ground, under ledges 
rock, and beneath the shelter logs that not touch the 
ground all points are good places look for them. From 
time time, during the past three years, have had, 
insectary, more than 500 ant-lions. Many these were ob- 
tained Kansas friend, Mr. Phil Rau; the remainder 
were collected and about St. Louis. The majority these 
were found the loamy clay (loess) that forms much the top 


} 
7 
q 


BEHAVIOR THE ANT-LION, 279 


soil Missouri and Kansas; some were found cinders shel- 
tered places along railroad tracks; some, disintegrated mortar 
along the walls buildings; some, the rotton-wood dust 
hollow logs; none these was obtained from sand. the wide 
jelly glasses insectary, where each larva was kept solitary 
confinement, some were placed loamy clay, some sifted coal 
ashes, some coal ashes that had been weathered for year, 
some fine sand and others coarse. The seemed 
flourish well one medium the other. 

The ant-lion usually begins the construction its pit striking 
out circle the friable earth. Using its abdomen plow- 
share and its head shovel, the larva burrows backward, 
circular path, just beneath the surface the soil, tossing upward 
and outward the dirt that falls upon its head. Almost all 
the articles that have read state that this initial circle marks 
the outer boundary the finished pit. With the American 
ant-lion the Middle West this not always so. most 
cases observed the finished pit wider than the diameter 
this circle. the first place, the falling inward the soil 
the excavation progresses enlarges the diameter. Then, too, 
the ant-lion sometimes enlarges the partly apparently entirely 
completed pit. After this first circle completed, within this 
the ant constructs, similar manner, deeper adjacent circle 
and until the center reached. Then, with the major 
portion its body hidden the walls the pit and using its 
head and mandibles shovel, tosses out the material from 
the bottom the pit, until the dirt longer runs down the 
sides. 

European writers state that the ant-lion shovels sand its 
head means one its forefeet, and Kirby and Spence (8) 
insist that, excavating its burrow, the ant-lion reverses the 
direction going the completion each circle, alter- 
nately exercise each foreleg. our American ant-lion this 
pair forelegs functions, not scrape, but brace the 
body when the ant-lion shovelling dirt turning. Patient 
watching with magnifying glass has failed detect the fore- 
foot loading dirt upon the head; and certainly the ant-lion does 
not reverse the direction going every time completes 
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circle. The dirt gets upon the head falling from above and 
from the sides, the larva burrows backward through the soil. 
Some this material comes from the outer edge well from 
the inner. While constructing its pit, the larva often pauses. 
After each rest usually continues the direction that was 
going. rare occasions, does turn about and the 
opposite direction. This usually when has met some ob- 
struction. 

test the matter more thoroughly, sufficient portion each 
the forelegs ant-lion was amputated render them 
much too short value shovelling soil the head. 
soon was returned its glass, the larva burrowed back- 
ward into the soil. For four days remained beneath the surface. 
that day excavated small pit. The next day the pit had 
been enlarged. this day was fed with ants (Formica 
subsericea). The ant-lion was then removed from the soil and 
examined under simple microscope. The legs had not re- 
each stump was covered with ball soil. This ant- 
lion had constructed its burrow without using its front feet 
scrapers with which load dirt the head. 

The force with which ant-lion tosses the materials from its 
pit astonishing. Often they are cast several inches beyond the 
rim. Sometimes the larva encounters particles which cannot 
disposed with toss the head. When these are not too 
heavy the insect has unique method disposing them. 
The insect backs the side the pit with the obstacle poised 
the posterior portion its abdomen and deposits beyond 
the edge the pit. Although this behavior described 
Bingley (19), most writers not mention it. Perhaps sounds 
too much like fairy tale; yet comparatively easy induce 
ant-lion behave this manner. frequently induced 
either placing small stone the center the ring pit 
that was being constructed; or, depositing similar object 
the bottom completed pit. When the stone placed the 
center the ring, the ant burrows spirally inward, there 
sure come time when the stone will fall into the furrow. 
When the ant-lion returns that point encounters the obstacle. 
Usually burrows under the object and continues part 
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the way around the circle. Then, turning, backs through the 
furrow thus made until has inserted the tip its abdomen 
under the impediment. then backs slowly the slope with 
the burden poised upon the tip its abdomen. The edges 
the abdominal somites and the stiff bristles thereon prevent the 
stone from slipping forward; while the dirt each side prevents 
from falling sidewise. Throughout this entire upward journey 
the whole body the ant-lion above the ground. 
astonishing sight see the insect backing, almost straight 


Larval ant-lion. Dorsal view. Larval ant-lion. Ventral view. 


line, the steep slope, with the burden poised its back. 
When the burden has been disposed of, usually the edge 
the pit, the ant-lion turns about and returns the bottom the 
pit, usually the furrow made the upward struggle, and con- 
tinues her digging. The furrows made before eyes have always 
been straight nearly so; but, one made absence was 
quite curved. When the object was placed the bottom 
finished pit, sometimes the object was allowed remain; but, 
most cases, sooner later, would removed, the follow- 
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ing manner. When had tossed few loads dirt, the larva 
would back away from the obstacle straight curved line; 
then turning, would back through the furrow thus made and 
proceed described above. When the stone too heavy 
the insect handle the manner mentioned above, either 
deepens the pit one side the obstacle, buries the obstacle 
mining under it, else abandons the pit. several impor- 
tant respects the behavior observed differs from that 
described Bingley; (1) never once did see the stone fall from 
the insect’s back and roll the bottom the pit, (2) obstacles 
encountered constructing the pit were usually removed 
once, (3) such bodies were usually deposited just beyond the rim 
the pit, (4) occasionally they were left the side the pit. 

rare occasions have seen pits constructed different 
manner. Instead beginning striking out circle, the ant- 
lion burrowed downward into the ground and began once 
casting out the soil, thus making pit small diameter. Usually 
such pits were afterwards enlarged burrowing into the walls 
and proceeding about described above. 

Thus experience with the pit-building behavior the ant- 
lion harmonizes with McCook’s account but not accord 
with that Mrs. Comstock (5) who writes: stories 
are told about the way ant-lions dig their pits, marking out the 
outer margin circle and working inward. However, our 
common ant-lion the East simply digs down into the sand and 
flips the sand out until makes pit.” 

The magnitude the pit and the slope the sides depend 
upon the size the larva and the nature the soil; the coarser 
the individual particles and the greater their specific gravity the 
more gentle the slope. the loess about here the pits vary 
diameter from less than half inch about two inches; the 
latter being abundant. Often the depth the pit 
almost great the diameter. Although small ant-lion 
usually excavates small pit, small pit does not necessarily 
contain small larva; for large sometimes construct small 
pits which they afterwards enlarge. 

Occasionally one finds isolated ant-lion pit; usually they 
occur groups (Figs. 10, 11). the same cluster the ant-lions 
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differ much size, and this true even the early spring. 
Certain writers attribute these differences size the fact that 
some obtain more food than others. The following simple 
experiment lends support this view. From certain well- 
circumscribed area, containing about fifty ant-lion pits, dozen 
were removed, June 22, and placed insectary. 
portion these were well fed daily, the remainder were fed 
only occasionally. few were lost accidents. August 
all the survivors the well-fed lot had formed cocoons and 
few imagoes had emerged. The poorly fed individuals were 
still larve. The majority those left the field were still 
larve. 

Morphologically the ant-lion (Figs. 1-3) well adapted 
this pit-building behavior. The flat head, which, with the stout 
mandibles, forms excellent shovel, articulated the rest 


Larval ant-lion. Lateral view. 


the body that possible give powerful upward jerk. 
The abdomen flat the ventral and convex the dorsal 
side, the whole tapering toward the tip such manner 
form excellent burrowing instrument. From the sides the 
body clusters stiff bristles project outward and forward 
such manner that the body prevented from slipping forward 
after once has penetrated the earth. Then, too, the terminal 
claws the legs (Fig. 12) make efficient anchors. The front 
the dorsal portion the prothorax rounded that dirt easily 
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falls forward and loads the shovel-like head. There 
functional anal opening; hence there danger vigorous 
thrusts the abdomen clogging the intestine with dirt. 


FEEDING BEHAVIOR. 


The finished pit inverted hollow cone, the apex which 
the wide-open mandibles the larva, with their sharp teeth, 
await grasp any unfortunate that happens fall therein. 
What efficient trap for small creeping invertebrates! The steep 
and unstable sides often cause the animals fall the bottom. 
the intruder does not once slide the bottom, its struggles 
escape tumble the soil upon the mandibles the waiting ant- 
lion. Immediately the ant-lion begins toss the soil upwards. 
The claim that the dirt cast the struggling creature 
erroneous. Digging its mandibles edgewise into the bottom 
the side the pit, the ant-lion shovels out head-load after head- 
load soil. not thrown something; simply tossed 
upward and outward. Some these random shots may take 
effect; and the constant undermining the walls the pit 
produces miniature landslides which, usually, drag the prey the 
bottom the trap. 

Until something falls into the pit alights its treacherous 
sides, these mandibles the larva usually rest horizontally 
line with the body, which hidden the wall the pit. Or- 
dinarily the pits appear empty, for the mandibles are often 
covered with fine dirt. when the whole head uncovered, 
its color harmonizes perfectly with that the soil render 
invisible. soon its jaws close upon creature the ant- 
lion backs deeper into the walls the pit and, interring its 
victim, subdues it. Thus the ant-lion enabled conquer 
creatures that are much larger and apparently stronger than it. 
Unless its first few struggles free it, the captive doomed; for 
the ant-lion slowly but surely drags deeper and deeper into 
the soil, while feasts its body juices. assist holding 
the prey while its body contents are being imbibed through the 
hollow mandibles, each mandible provided, its inner 
surface, with three stout teeth (Fig. 13A). 

MacLachlan (11), discussing the feeding the European 
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ant-lion formicarius) says: house flies and other 
small insects were usually dragged partially wholly under the 
sand, whilst blue-bottles and similar bulky creatures were feasted 
upon the his account the feeding the 
common ant-lion the east, McCook remarks: ‘‘The ants were 
held off ‘arm’s-length,’ speak, and were thrashed and 
jerked about until they were exhausted. Meanwhile efforts 
defence were made futile the captor, who held its victim out 
reach any vital part.” Neither these accounts tallies 
exactly with experience, although can har- 
monized with it. have watched ant-lions feed thousands 
times and have fed them with variety invertebrates. 
every case the larva has attempted drag its captive beneath 
the ground. case was the insect held off arm’s length 


Empty cocoon ant-lion. 


described McCook. Often, few moments after its capture, 
all that would visible ant were the tips its waving 
the extremity its wriggling abdomen, both. 
Naturally the captive struggled and squirmed; but there was 
attempt the part the ant-lion hold its prey arm’s length 
above the ground, while thrashed and jerked it. the first 
closing the mandibles does not capture the creature that 
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happens fall into the pit, remaining its post, the ant-lion 
elevates its head and makes repeated snaps the creature 
long remains near. may that the ocelli located the 
base the mandibles, the dorsal side the head, aid this. 

The name ant-lion misnomer; for creates the impression 
that this insect feeds exclusively, almost exclusively, upon ants. 
Such not the case. Any small creeping invertebrate—be 
insect, arachnid—isacceptable. Several the most 
flourishing colonies ant-lions found near St. Louis are located 
The diet the inmates those pits composed largely sow- 
bugs (Porcellio). Emerton (6) and MacLachlan (11) fed their ant- 
lions living flies that had been disabled; Berce (1) reared his 
living flies, wood-lice and earwigs. supplied mine with 


Fic. Chrysalis ant-lion that died way surface. 


living specimens the following invertebrates; caterpillars (even 
hairy ones), wood-lice, small roaches, small moths (held the 
wings until the ant-lion had secured hold), spiders, nymphal 
squash bugs, ants, small beetle soft-bodied beetles, and 
bed-bugs. All these were accepted and, after the juice had 
been sucked from each body, the dried remains were cast out 
the pit. 

The ant-lion has mouth opening the true sense the 
word. The strong curved mandibles are perforated the tip, 
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and along the ventral surface each there runs prominent 
tube through which the juices the victim are sucked. This 
tube composed two parts. Along the whole the ventral 
surface each mandible [Fig. there deep groove with 
incurved edges. Another mouth part [Fig. 13B], probably the 
maxilla, fits tightly into this groove the mandible that, even 
when viewed with 2/3-inch objective, the two seem form 
single structure. With that power, the underside each 
mandible one sees two ridges. These mark the junctions the 
two pieces; but, unless you had previously dissected mandible, 
you would not suspect that there were two pieces and that they 
were not rigidly united. Turn the insect its ventral surface, 


Fic. Shed chrysalis skin ant-lion. 


carefully disarticulate the mandible, and, with pair dissecting 
needles, gently push forward. Thus the other mouth part will 
gradually drawn out the mandible and left attached the 
ventral part the front the head. 

The ant-lion preys upon living invertebrates. How does 
distinguish the living from the not-living? There may several 
factors which help solve this problem. The following experi- 
ments show that one attribute means which the ant-lion 
differentiates between desirable and undesirable prey the 
exhibition restlessness: 

Experiment 1.—I fastened bit straw the end silk thread. 
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Twirling the other end the thread between thumb and fore- 
finger, gently lowered the bottom the pit. Three times 
succession the ant-lion caught hold the straw with its man- 
dibles. Each time jerked the string and thus removed the 
straw from its grasp. 

Experiment fastened dead chinch bug one end silk 
thread. Twirling the other end the thread between thumb and 
fore-finger, gently lowered the bug the bottom the pit. Im- 
mediately the ant-lion seized with its mandibles and held 
until, pulling the thread, had drawn the insect partly 
out the pit. This experiment was tried with five different 
individuals. Four responded the manner just described; the 
fifth made response. 

Experiment fastened piece cotton one end silk 
thread. Twirling the other end between thumb and fore-finger, 
gently lowered the botiom the pit. The ant-lion gripped 
the bit cotton with its mandibles and held until pulling 
the thread, had dragged the larva partly out the pit. This 
experiment was tried with five different individuals. The result 
was always the same. 

MacLachlan (11), 1864, placed between two and three dozen 
ant-lions small box sand and carried them from Fontain- 
bleu, France, London. When arrived, about half the 
larve had been killed and the juices their bodies extracted 
the others. shipping ant-lions from Kansas, Mr. Rau 
placed hundred more the same small box dirt. 
sorting over the material place each one individual 
retainer, always found several dead specimens that looked 
though the juices their bodies had been extracted. Are these 
deaths caused cannibalism? test the matter, ant-lion 
was dropped into the pit another individual. This experiment 
was repeated over and over again throughout summer devoted 
largely the field study this creature. the majority 
cases the intruder escaped either burrowing into the wall 
the pit else backing out it. several instances, how- 
ever, became the prey the rightful owner the 
dently, when opportunity permits, this creature cannibal. 
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The forms locomotion used excavating pits and re- 
moving obstacles therefrom have been described the section 
Pit” and will not repeated here. 

When placed loose dry soil, the ant-lion may letisimulate. 
soon begins move, burrows backward into the ground. 
ant-lion placed open rectangular pasteboard box, 
backs along, sometimes straight line and sometimes 
curved line, until comes contact with one the sides. 
then backs along that side unti! comes corner, turning the 
corner continues along the next corner. may continue 
thus for long time, may vary creeping backwards 


Fic. Cocoon ant-lion, with chrysalis partly emerged. This cocoon 
from form that was raised shifted coal ashes. 


one the angles until reaches the top the box and then pass 
downward the ground. After has once reached the side 
the box, matter how long remains within the box, almost 
never moves out into the open. These two simple experiments 
indicate that this insect positively thigmotactic. With this 
statement must coupled the reservation that, times, the 
creature moves about with all the upper portion the body 
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exposed. This the case when removing obstacle from 
its pit. 

Since this larva burrows downward into the earth, may 
considered positively geotactic; but, must remembered that 
does not always pass downward. When disturbed its pit, 
usually backs upward, just beneath the surface, until the rim 
reached; sometimes, continues onward, horizontal 
direction, beneath the surface. MacLachlan (11) observed that, 
night, they frequently make perigrinations over the surface 
the ground. Then, too, they sometimes ascend vertical 
surfaces. 


When placed horizontal surface used sheets brass, 


Ant-lion pit one tumblers. 


glass, wood, and cardboard], the larva backs away from the 
light. placed with the tip its abdomen toward the source 
light, usually, will move short distance toward the light 
then turn, either the right the left, and back away 
straight line. This, coupled with the fact that, when placed 
its back, the ant-lion invariably rights itself turning away from 
the source light, induces the conclusion that this creature 
negatively phototactic; but, must remembered that 
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constructing its burrow the larva crosses the light every possible 
angle, and that, times, moves toward the light. 

This insect invariably moves backward; never under any 
conditions does move forward; yet capable performing 
all the ambulatory feats possible insect that progresses 
the orthodox way. can move straight line, can describe 
simple s-shaped curves either the right the left, and 
can ascend descend rough surfaces inclined any angle from 
zero ninety degrees. means what structures does 
perform these movements? Are they produced entirely 
flexing the abdomen and trusting the body bristles prevent 


Photograph showing the comparative size cocoon, chrysalis and imago. 
They belong the same ant-lion and are photographed the same scale. 
cocoon; chrysalis skin; imago. 


forward movements? the legs take any part the move- 
ments? the mandibles assist? answer these questions 
the following experiments were devised. 

Experiment 1.—An ant-lion was placed glass plate arranged 
horizontally. means hand magnifying glass every movement 
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was watched. moved backward jerks. The hind legs, which 
were doubled back under its abdomen, made jerky pulls. The 
middle pair legs was directed outwards almost straight 
line. The anterior pair legs was stretched forward. The 
tips both the first and second pair legs touched the glass. 
The mandibles took part the movement. 

Experiment 2.—The ant-lion was placed the glass plate and 
held, horizontal position, above head; that could look 
with magnifying glass. The results were the same 
experiment but was easier observe that the tips all 
the legs touched the glass. The third pair legs was the only 
pair making vigorous movements. 

Experiment 3.—I tilted the glass plate that the posterior portion 
the ant-lion was uphill. When the angle became steep the ant- 
lion fell. 

Experiment 4.—Repeated number substituting pasteboard 
rectangle for the glass plate. The result was the same ex- 
periment but the insect moved faster. 

Experiment 5.—I the paste-board rectangle have the 
posterior portion the insect Even when had reached 
angle degrees, the insect retained its hold. moved 
upward, sidewise and downward. 

Experiment 6.—While the cardboard rectangle was inclined 
steep angle and the ant-lion was resting head downward, with 
dissecting needle, raised the tip the abdomen from the support. 
The ant-lion retained its hold. 

These experiments show conclusively that the mandibles 
not assist locomotion; the same time, they indicate that the 
hind pair legs play important Yet, far these 
experiments go, the hind legs might mere grappling hooks 
prevent the creature from slipping forward and the real locomotion 
due entirely the flexing and stretching the abdomen, all 
forward motion being prevented the stiff bristles the sides 
the body and the grip the legs. 

Experiment 7.—A layer dirt equal the height the greatest 
height the ant-lion was spread glass plate. The ant-lion 
was placed this pile dirt. The larva began burrow back- 
ward into the dirt; but made progress. the 
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behavior the body could see that was making vigorous 
movements with its third pair legs; but made practically 
progress. 

Experiment 8.—A layer dirt equal elevation the greatest 
height the ant-lion was placed pasteboard rectangle. 
ant-lion was placed this pile dirt. Immediately began 
burrow backward and continued progress rapid rate. 

(In all the experiments from 1-8 the same individual was 
used. The series was repeated many times with different in- 


Fic. to. cluster ant-lion pits (average cluster). 


dividuals; but, each case, the same individual was put through 
the eight experiments.) 

experiments and the presence the dirt makes neces- 
sary for more work performed making progress backward. 
Since the height the pile the same each case, the amount 
work required the same. Since the bristles are more numerous 
the sides the body than the ventral surface, the presence 
the dirt should give added opportunity for them function 
preventing forward slipping the body; hence, the progress 
due simply flexing and stretching the body the ant-lion 
should able move just fast, not faster, glass plate 
with layer soil the naked however, the hind 
legs play important dragging the body backward, then 
the larva the dirt-covered pasteboard should have great 
advantage over the one the dirt-covered glass plate. These 
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experiments prove, think, that the hind legs assist dragging 
the body backward. microscopic examination the legs 
reveals two terminal claws which function this work (Fig. 12). 


EMERGENCE THE IMAGO. 


This section does not pretend life history the ant-lion. 
That the author hopes make the subject future paper. 
This simply attempt state some interesting facts about 
the last stages the metamorphosis. 

the close its larval period, the ant-lion constructs 
subterranean spherical cocoon silk and soil. insectary, 
most the cocoons have been formed quite near the surface; 
sometimes projecting slightly above the soil. one case, 
however, found cocoon the bottom the jelly glass, 


Fic. cluster ant-lion pits (small cluster). 


fully two inches below the surface. insectary, the cocoons 
have been formed July and August and the imagoes have 
emerged from days thereafter; but not consider that 
have sufficient data warrant the statement that they are 
always formed those times. 

Inside this cocoon the insect sheds its last larval skin and 
becomes chrysalis. the end certain period time the 
anterior portion the thorax protrudes from the cocoon (Fig. 7). 

All the accounts that have read state that the chrysalis 
comes about half way out the cocoon and from its dorsal 
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surface the imago emerges. limited experience have 
noticed three methods emergence. one case the chrysalis 
protruded about half way out the cocoon and the imago emerged 
from its back. another case the chrysalis had left the cocoon 
entirely and protruded about half way out the soil. the 
third case both the head end and the end the chrysalis 
remained within the cocoon and from its back the imago emerged. 
inclined think the third case abnormal, caused the 
head the chrysalis becoming entangled some strands the 
cocoon. Fig. photograph the cast skin that chrysalis, 
made just after had removed from its cocoon. seems 
that the other two cases may explained follows: when 


Fic. One the third pair legs ant-lion larva. 


the cocoon near enough the surface for the chrysalis expose 
the upper portion its body without coming entirely out the 
cocoon does so; when the cocoon little deeper then the 
chrysalis leaves the cocoon entirely and continues upward until 
the anterior portion its body above the surface. 

When the cocoon too far beneath the surface, the chrysalis 
dies its upward journey. Fig. the photograph such 
chrysalis. was found dead about half inch below the 
face. Attached the bottom the jelly-glass—about inch 
below—the empty cocoon was found. 

Soon after emerging the imago undergoes enormous increase 
size. soon becomes more than twice large the chrysalis 
from which came, and this without partaking food. Fig. 
illustrates this. The jelly glass containing the cocoon had been 
tightly closed prevent the possible escape the imago when 
emerged. emerged unexpected time and when dis- 
covered was dead. had lost one antenna and its body was 
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slightly damaged. Under the conditions could not possibly 
have obtained food. Half exposed above the soil was the shed 
chrysalis skin, and short distance below the surface the empty 
cocoon (Fig. was found. 


MISCELLANEOUS ACTIVITIES. 


Experiment 1.—A ring water eight inches diameter was made 
glass plate and ant-lion placed the center the dry space 
that the ring surrounded. The ring was one half inch width. 
When the ant-lion reached the ring water, would usually 
turn and move away from it. Often, turning, its mandibles 
would get into the water. that case the mandibles would 


Fic. The parts that form the sucking tube the ant-lion larva. 
mandible. the part that fits into the groove the mandible. 


leave broad water band wherever the creature went. After 
its mandibles had become wet, its next approach the 
water, was apt get some other part its body wet. After 
that was apt move, away from the light, through the 
water. 

Experiment 2.—To see there was anything about dirt such 
that would direct ant-lion it, pile dirt three inches di- 
ameter was placed the center glass plate that was twelve inches 
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square. The ant-lion was placed various places near the peri- 
the plate. Unless the ant-lion was placed such 
position that going directly away from the light would en- 
counter the dirt, never once did ant-lion discover it. Some- 
times the larva passed within less than centimeter the dirt 
without being attracted it. 


LETISIMULATION. 


Letisimulation (from death, and simuldre, feign) 
term coined 1899, designate the death-like attitude 
assumed individuals many different groups the animal 
kingdom, when roughly handled. While citing examples from 
among the worms, insects, reptiles, birds, and certain mammals, 
leaves the impression that the most remarkable examples 
death-feigning are found among the reptiles and certain 
mammals. Since that time much careful attention has been 
given the letisimulation insects. Barret (22) has studied 
the mole-cricket; Gee and Lathrop (26), and Johnson and 
Girault (32), the plum curculio; Girault (27), trox; Holmes 
(30), the water scorpions; Newell (34) and Weiss (40), the 
rice weevil; Riley (36), dragon-fly nymphs; the Severins (37), 
the giant water bugs, and Wodsedalek (41, 42), May-fly 
nymphs and dermestid the light the remarkable 
traits revealed these investigators, were writing his article 
today, Weir, doubt, would agree with Homes that among 
the insects that the death-feigning instinct reaches its highest 
development, occurring greater less extent, most the 
orders. especially common beetles and not unusual among 
bugs, but quite rare the highest orders such the Diptera, 
flies, and the Hymenoptera, ants, bees and their allies. 
occurs few cases among the butterflies and moths, both 
the imago well the larval state. The instinct exhibited 
different species all stages development from momentary 
feint the condition intense vigor lasting for over hour. 
Some insects may severely mutilated, or, according 
Geer, even roasted over fire before they cease 

Although the activities ant-lions have interested many 
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naturalists, very little attention has been paid their death- 
feigning behavior. Emerton (6) asserts that rough handling 
caused his specimens remain inactive for time, and Mac- 
Lachlan (11) states that the form observed him letisimulates. 
Each these students dismissed the matter with single 
sentence. 

The results recorded this article are based careful 
laboratory study 100 individuals selected random; supple- 
mented observations made the field. About per cent. 
these came from Kansas; the remainder from the vicinity 
St. Louis, Mo. Some were quite small and others were almost 
large enough form their cocoons. They were isolated 
numbered jelly-glasses, partly filled with loamy loess, and were 
kept out-of-doors insectary, the north wall which was 
constructed wire netting. The other walls were opaque. 

Any stimulus which produces shock will usually cause 
ant-lion letisimulate. Rough handling, roughly turning 
upon its back, dropping from slight elevation, all have 
similar effect. usually induced the feint roughly turning 
the larva upon its back, dropping from slight elevation. 
Occasionally found individual that could not induce 
letisimulate; but this was very rare occurrence. 

Several investigators have thought important determine 
the poses letisimulating individuals are death attitudes. 
Based consideration seventeen species invertebrates, 
Holmes (31) concludes that the poses assumed were usually quite 
different from death attitudes; although there were some species 
which they were always identical. find that the ant-lion 
has not one, but several death attitudes; likewise possesses 
number death-feigning postures, some which resemble 
death pose and some which not. The insect suddenly 
becomes rigidly immobile whatever attitude may when 
receives the shock. Absolute immobility the character that 
common all cases; when the feint follows long period 
fasting, this inactivity often simulates death. The rigidity, 
however, not great that described for certain insects. 
some species insects the rigidity the parts during death 
feint great that the insect may picked tarsus and 
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held out right-angles without the leg bending the least. 
That not the case with the When attempt 
made lift it, that manner, tarsus, the leg bends and the 
insect awakes from its feint. 

When ant-lion recovering from feint, usually, although 
not always, there preliminary waving the and 
twitching the legs and, sometimes, movement the head. 
Then the larva suddenly turns over. Throughout the whole 
series experiments, careful record was kept whether the 
insect turned towards the right towards the left; towards the 
light away from it. was found that whether the insect 
turned toward the right toward the left depended upon the 
location the strongest light; for the ant-lion invariably turns 
away from the light. 

Pinching the legs letisimulating individual almost always 
caused come out its feint. Blowing upon death-feigning 
larva would sometimes bring response; others would 
induce twitching the legs; yet others would cause 
complete recovery. Since the pinching leg, and even attempts 
lift the letisimulating ant-lion leg, usually terminates 
the feint, was surprised the results produced the following 
mutilations. 

pair small, but sharp, dissecting scissors, 
cut off the tip fore-leg ant-lion. The insect 
did not respond. 

Experiment 2.—With pair small, but sharp, dissecting scis- 
sors, clipped off the tip mandible letisimulating ant-lion. 
The insect did not respond. 

Experiment 3.—With pair small, but sharp, dissecting 
scissors, rapid succession, cut off the tips both fore-legs and 
mandible letisimulating ant-lion. The insect did not 
respond. 

Experiment 4.—With pair small, but sharp, scissors 
severed the head from the body letisimulating ant-lion. The 
insect did not respond, nor did recover from the operation. 

Experiment 5.—A pair small dissecting scissors, identical with 
those with which the above experiments were performed, was heated 
red hot, Bunsen flame, and allowed cool. This softened the 
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steel and made the edges quite dull. these scissors attempt 
was made remove the tip leg letisimulating ant-lion. The 
scissors were too dull cut through the chitin; instead being 
severed, the leg became wedged between the blades. The 
feint was terminated immediately. 

With the exception experiment number four, these ampu- 
tations were performed several times. one occasion, larva 
recovered the moment cut leg; another day, the same thing 
happened when severed mandible. With these two excep- 
tions, the results were always stated above. How shall 
harmonize the fact that the pinching leg or, sometimes, the 
blowing the breath the larva terminates the feint, while the 
severing leg, mandible, both invokes response? 
Shall decide that such pinch produces greater physiological 
shock than sudden cut with pair sharp scissors? 
possible that breath air produces greater shock than 
amputation with sharp instruments? 

Relative Duration Successive Death Feints.—In his study the 
beetle Scarites gigas Fabre (24) found that the duration the 
first five successive feints gradually increased from the first 
the last. The Severins (37), their study the giant water 
bugs Belostoma and Nepa, and Gee and Lathrop (26), their 
study the plum curculio (Conotrachelus nemuphar), find great 
irregularity the lengths the successive feints. 

test the matter, ant-lion was removed from its pit, 
placed board, and made letisimulate roughly turning 
its back. soon recovered from one feint, was 
roughly turned its back and induced letisimulate again. 
This was repeated until had had opportunity letisimulate 
twenty times. means stop-watch, the duration each 
feint was obtained. One hundred individuals were thus experi- 
mented with and the results recorded 
examined, the table revealed number interesting things. 
(1) There are marked individual variations. (2) twenty 
opportunities the individual usually letisimulates less than twenty 
times. (3) The total time consumed twenty opportunities 
letisimulate varied from one minute two hours and twenty- 
three minutes. The average for the 100 individuals was nineteen 
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and six-tenth minutes. (4) This death-feigning cannot in- 
definitely prolonged. (5) The duration the feints near the 
end long series trials always shorter than that the 
earlier ones. (6) curve representing the relative lengths 
series letisimulations always contains two more crests. 
(7) The longest feints usually occur somewhere near the beginning 
the series. the 100 cases recorded, longest 
the first trial, the second, the third, the 
fourth, the fifth, the sixth, the seventh, the 
eighth, the ninth, the tenth, the eleventh, the 
twelfth, the thirteenth, and the sixteenth. have 
here, pronounced manner, the irregularity noticed the 
Severins and Gee and Lathrop the forms studied them. 
Effects Temperature upon the Duration Letisimulations.— 
test this matter the 100 individuals mentioned were grouped 
according the temperatures which the experiments had been 
performed, and the recorded six tables. From the 
averages those tables the following table was compiled. 


TABLE SHOWING THE AVERAGES THE EFFECT TEMPERATURE THE 


LETISIMULATIONS. 
Degrees, Individuals Twenty Single Max, Let. was Consumed 
12.15 


were rely upon these averages, would conclude that 
‘up 75° both the length the maximum feint and the total 
duration twenty feints vary directly with the temperature; 
and that beyond that point there definite relation between 
temperature and the feints. This conclusion, however, not 
supported critical study the individual records from which 
the averages were compiled. test the matter further, four 
individuals were selected and each put through five series 
twenty letisimulations, each series being conducted different 
temperature. The results were recorded four tables. There 


4 
q 
a 
a 


- 


4 


302 


was obvious relation between temperature and the duration 
the feints. 

Effects the Stimulus upon Letisimulation.—To get 
the stimulus nearly uniform possible, the ant-lion was 
gently shoved from glass ledge and caused fall three inches. 
secure strong stimulus the ant-lion was permitted fall 
upon glass plate; secure weak one was allowed drop 
layer cotton batting. The results experimenting with 
100 ant-lions was tabulated. cases the first letisimulation 
following strong stimulus was the longer and cases the 
first feint following weak stimulus was the longer. six 
cases the duration the feint was the same for each stimulus. 
The average 100 individuals gave the duration the first 
letisimulation following weak stimulus longer duration 
than the first following strong stimulus. These data not 
seem warrant conclusion. 

Effects Hunger upon selected in- 
dividuals were well fed and others were forced fast for long 
time before they were used for experiments identical with those 
mentioned above. The results were carefully tabulated. 
relation could detected between hunger and the length the 
letisimulation. 

Apparently the reason for the longest letisimulation being 
located sometimes one place and sometimes another the 
series due some internal (physiological) factor not revealed 
these experiments. 

considers the letisimulation animals the 
greatest evidences intellectual action, their Hamilton 
(29), Webster (39) and few others feel that the creatures con- 
sciously fear death and take this means avoid it. Dr. Lindsley, 
Mind thinks this must require great command 
those that practice However, the majority modern 
students the subject look uponit merely remarkable 
instinct. 

one who acquainted with how slowly the ant-lion recovers 
from injuries could, for moment, consider anything intellectual, 
which induces passively submit portions its legs and 
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its mandibles being amputated. The tonic contraction the 
muscles and the diminished reflex irritability suggest hypnotic 
phenomena and lead one agree with Holmes (31) that 
instinct feigning death doubtless connected with much 
what has been called hypnotism the lower 
well known that most animals pause momentarily when con- 
fronted with unexpected violent stimulus. the 
letisimulation the ant-lion appears such pause pro- 
longed and exaggerated. more ponder over the results 
experiments upon the death-feigning the ant-lion, the more 
feel inclined exclaim with James: ‘‘It really feigning 
death all and requires self-command. simply terror 
paralysis which has been useful become hereditary.” 


CONCLUSIONS. 


The pits the ant-lion are not confined sand; they may 
found any kind dry friable soil, that protected from 
the rain and from insect-eating creatures. They are usually 
clusters; but, occasionally, solitary pit found. yet rarer 
occasions, pits may found that are not under shelter. 

The ant-lion the Middle West has two methods ex- 
cavating its pits. Usually furrows backward, excavating 
series concentric, adjacent circles, each deeper than the last, 
and shovelling out the soil with its head. The front the body 
curved make easy for the dirt fall forward the 
head. method, the larva simply burrows downward 
into the ground and tosses out the soil with its head until the 
sides the pit become approximately stable. Pits formed 
the second method are usually subsequently enlarged. 

The ant-lion removes medium sized obstacle from its pit 
inserting the tip its abdomen under and, with the burden 
poised its abdomen, backing slowly the slope. 

After its trap has been completed, the ant-lion rests quietly, 
practically horizontal position, with its body beneath the 
soil and its open mandibles the bottom the pit. 

Any invertebrate, insect, arachnid, crustacean, that 
happens fall into the trap acceptable food. Some escape, 
but the larva attempts capture all. When captured, the 
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victim dragged partly wholly beneath the soil, and the 
juices imbibed through the hollow mandibles. Later the dried 
carcass tossed away. 

The ant-lion may considered positively geotactic, posi- 
tively thigmotactic and negatively phototactic; with the res- 
ervation that all its movements cannot explained 
tropisms the Loebian sense. 

impossible for the ant-lion move forward; but, its 
backward movements, can move straight lines curves, 
and can scale vertical surfaces that are not too smooth. The 
hind legs assist producing this backward movement, and the 
other legs brace the body. 

Sometimes avoids water and others backs into it. 

the spherical cocoon this insect near the surface 
the ground, the chrysalis comes only part the way out and the 
imago emerges from its back. the cocoon slightly 
greater depth, the chrysalis comes entirely out the cocoon and 
part the way out the ground. the cocoon greater 
depth, the chrysalis emerges entirely from the cocoon and 
perishes the way the surface the ground. 

10. Rough handling dropping from slight elevation will 
usually cause ant-lion letisimulate. The length feint 
and the position the longest feint series successive feints 
varies different individuals and the same individual 
different times. 

11. There obvious relation between the temperature, the 
strength the stimulus, fasting and the duration letisimu- 
lation. 

12. the relative durations the successive feints long 
series letisimulations are plotted, the curve will have two 

13. the ant-lion all letisimulation poses are not death at- 
titudes. The ant-lion has characteristic death-feigning 
posture. grouped with those insects which the 
letisumation pose varies with the attitude the individual 
the time when the stimulating shock received. 

14. Although pinching leg and, sometimes, even blowing 
the body, will usually cause letisimulating ant-lion come out 


BEHAVIOR THE ANT-LION, 305 


its feint, the majority the cases, will submit the 
clipping off the tips its legs and its mandibles without 
responding any visible manner. 

15. the ant-lion letisimulation seems but exagger- 
ated prolongation the pause made most animals when they 
are startled. The total behavior death-feigning ant-lion 
supports contention that the instinct feigning death 
connected with much what called hypnotism the lower 
and endorses James, when says: really 
feigning death all and requires self-command. 
simply terror paralysis which has become useful become 
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THE EFFECT CERTAIN ORGANIC AND INORGANIC 
SUBSTANCES UPON LIGHT PRODUCTION 
LUMINOUS BACTERIA. 


NEWTON HARVEY, 
PRINCETON UNIVERSITY. 


While engaged study the chemistry light production 
luminous bacteria had occasion investigate the effect 
diluting the sea water with distilled water and with isotonic 
sugar solution and the influence the various salts sea water, 
acids and alkalies, and certain upon the emission 
light. The results are interest for comparison with the 
known effects these substances other organisms and with 
other vital manifestations life. 

all experiments, except where otherwise noted, one drop 
the dense emulsion luminous bacteria form isolated from 
squid Woods Hole, Mass.) was added c.c. solution 
uncorked Erlenmeyer flask and the whole thoroughly mixed. 
For comparative observations essential that the eye thor- 
oughly adapted the dark and that each flask oxygenated 
shaking, before judging the emission absence light. 
Observations were made after minutes, one hour and hours. 


TABLE 
DILUTION SEA WATER WITH WATER AND WITH CANE SUGAR 
SOLUTION. 
Dilution with Water. Dilution with m Cane Sugar. 
Parts | Parts Light after | Pores Parts | Light after 


308 


LIGHT PRODUCTION LUMINOUS BACTERIA. 309 


will noted from the above Table that the bacteria cease 
give off light and experiment shows that they are killed too 
great dilution with water. That this effect not entirely due 
the absence salt but chiefly due cytolysis through 
lowered osmotic pressure shown diluting the sea water with 
inert isotonic solution, cane sugar. Some salt necessary 
for the continued production light the bacteria longer 
glow after twenty four hours’ emersion m-sugar, fact 
great surprise unicellular freshwater luminous animals are 
unknown. 


TABLE II. 
Acid and Alkali Added Mg-free Light after 


Probably due neutralization alkali through absorption 


was expected acids and alkalies prevent light emission 
very weak concentration, the acids much weaker concentra- 
tion than the alkalies. fact the bacteria are very sensitive 
acid and will not even phosphoresce with any brilliancy 
neutral medium. 

The organic acid (valerianic) and alkali (methyl amine) have 
less effect than the inorganic, result variance with results 
for other organisms which are usually affected more readily 
the weak than the strong acids and 


N., “Studies Acids,” Carnegie Institution Publications 
No. 212, 143, 1915; alkalies, id., No. 183, 131, 
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TABLE III. 
EFFECT VARIOUS COMBINATIONS THE SALTS SEA WATER. 
Light after 
Salt Combinations, 
to Min, | « Hr. 24 Hrs. 
Artificial Sea Water, m/2 (100 NaCl+2.2 

Neutral artificial sea faint 
m/2 (100 NaCl+2.2 KCl+10 faint 


The most interesting point brought out the above table 
the independence these bacteria balanced medium. The 
bacteria live and phosphoresce pure NaCl without the addition 
any bivalent ions. This true even when the solution 
changed three times remove the last traces the bacteria. 
also relatively non-toxic, although more that NaCl. 
and are very toxic when alone. All combinations 
NaCl with the other ions sea water sustain the bacteria well 
except that they are neutral media and hence the phosphorescence 
dimmed after hours. That pure should have little 
effect light production astonishing when consider its 
poisonous effect other marine organisms and tissues, partic- 
ularly ciliated cells. 

The effect the alcohols (Table IV.) light production very 
similar their effect other life processes: they exert inhibit- 
ing anesthetic action which perfectly reversible. alcohol 
solutions containing bacteria which have stopped emitting light 
are diluted with sea water, light production again begins. 
with other tissues the higher the alcohol the series the greater 
anesthetic power has. 

The effect number other substances was studied 
very rough way—namely, adding small quantity the 
substance sea water emulsion the bacteria test tubes 
and then shaking the tubes. With toluol, benzol, ether, chloro- 
form, carbon disulphide, carbon tetrachloride and ethyl butyrate 
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TABLE IV. 
EFFECT ALCOHOLS. 
Light after 
10 Min, 1 Hr. | 24 Hrs, 

m/800........... very faint very faint 
m/3200.......... faint faint 


Probably due evaporation alcohol. 


the light was found disappear almost immediately; with 
tannin, chloral hydrate, vanillin and sodium glycocholate the 
light had disappeared the course one hour while saponine, 
amygdalin, and sodium taurocholate had effect. sur- 
prising that saponin has effect luminous bacteria when 


consider its great cytolytic power other forms very small 
concentration. 


SUMMARY. 

The effects luminous bacteria dilution sea water with 
water and sugar solution; and valerianic acid; NaOH 
and methyl amine; the salts sea water different combina- 
tions; and methyl, ethyl, propyl, butyl, amyl and capryl 
alcohol were studied. The points interest the results are 
indicated after each table. 
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FURTHER NOTES THE CHROMOSOMES THE 


ALICE BORING AND RAYMOND FOGLER. 


The chromosomes the spermatogenesis five species this 
family Hemiptera have already been studied Stevens! 
and Boring.2 Three more species have now been studied 
comparison with those previously studied. They are Philaenus 
lineatus, Aphrophora parallela and Clastoptera proteus. Each 
these three species belongs genus which one more 
species has already been studied, this gives chance compare 
the spermatogenesis closely related species. This has been 
done very carefully for some families Orthoptera. 
The entire family has the same spermatogonial chro- 
mosome number, 23, and the Locustide has 33, but within each 
family there are generic and specific cytological differences. 
The family the Hemiptera does not show closely 
graded series cytological differences the orthopteran families 
studied McClung. The facts found are here recorded. 

The material was collected Woods and Orono; 
Philenus lineatus from grasses, parallela from Scotch 
pines, and Clastoptera proteus from alders. Dr. Herbert Osborn 
has very kindly identified the species the material. Flem- 
ming’s and Gilson’s solutions were used for fixation, and iron 
for staining. 

Philenus has chromosomes spermatogonial 
number (Fig. 1), two which are larger than the others. The 
odd chromosome round oval the early (Fig. well 


Washington. 

BULL., 24, 

wish thank the Director the Marine Biological Laboratory for the 
privileges the laboratory during the summers 1913 and 1915, which time this 
material was collected. 
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the late (Fig. spireme stages. The reduced number chro- 
mosomes the first spermatocytes, one which larger 
than the others (Fig. 4). The odd chromosome univalent 


(Fig. and does not divide the first spermatocyte division 
(Fig. 6). The second spermatocytes have partly (Fig. 
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and partly (Fig. chromosomes. The chromosome number 
specific, the reduced number 15, while only are found 
Philenus spumarius. But the roundness the odd chro- 
mosome throughout the spireme stages feature common 
both species this genus, and distinguishing from the species 
the genus phrophora. 

Aphrophora parallela has chromosomes reduced number, 
with one largest chromosome (Fig. 11). The odd chromosome 
elongated the early spireme stages (Fig. and becomes more 
nearly round the later stages (Fig. odd chromosome 
is, usual, univalent (Fig. 12) and does not divide the first 
spermatocyte division (Fig. 13). The chromosome number 
the second spermatocytes and (Figs. and 15). Again 
this species, the chromosome number different from that 
the other species the same genus, that is, 15, comparison 
with Aphrophora quadrinotata and Aphrophora spu- 
maria. The long odd chromosome the early spireme stages 
common feature both spumarius and parallela, and 
distinguishes them from the genera Philenus and Clastoptera. 
The early spireme stages were not studied. 
The species formerly classified has since been 
put into the genus Lepyronia. This species does not possess 
the long odd chromosome characteristic the genus phrophora. 

Clastoptera proteus has reduced chromosome number (Fig. 
16), one less than the reduced number Clastoptera obtusa. 
Unfortunately only few stages were found this material, 


TABLE 
Genus. Species. Reduced Chromosome 
Number. 


that the only other significant point that was observed was that 
the first spermatocyte division the one which the odd chro- 
mosome does not divide (Fig. 17) all the species this family. 
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The eight species Cercopide which the spermatogenesis 
has far been studied belong four genera. The chromosome 
number (reduced) varies from chromosome number 
seems have significance for family genus. The specific 
numbers are shown Table 

The odd chromosome the spireme stages differs its shape 
the genus Aphrophora from that the other genera far 
studied. much elongated structure early its appearance 
phrophora, while first appears oval round body 
the others. 

All eight species the studied show typical odd 
chromosome, which divides only the spermatocyte 
division. the species except phrophora quadrinotata and 
Clastoptera proteus, which the material was limited and the 
equatorial plates consequently not studied favorable positions, 
there one chromosome among the reduced number which 
distinctly larger than the others. case the odd chromo- 
some the largest one. 


July 30, 


4 


THE REACTIONS ORB-WEAVING SPIDER, 
EPEIRA SCLOPETARIA CLERCK, RHYTHMIC 
VIBRATIONS ITS 


WILLIAM MORTON BARROWS. 


WITH THREE PLATES. 


Experiments Using Rhythmic 319 
Experiments Using Y-shaped 321 
322 
Distribution Vibrations Through the Web.................. 322 


INTRODUCTION. 

The work reported this paper was suggested chance 
observation? made the summer fly was held close 
one the spiders without eliciting any response; when the 
fly’s vibrating wing was allowed touch strand the web, 
however, the response was instantaneous and positive. The spider 
ran the fly and seized it. vibrating rubber band held against 
strand the web caused very similar response. During 
the summer 1913 these spiders were studied more carefully 
attempt determine: first whether the stimulus was vibratory 
nature must considered due some other force and 


second whether the response could identified 
taxis. 


II. MATERIALS AND METHODs. 


the Lake Laboratory maintained the Ohio State Uni- 
versity Cedar Point, Ohio, the large orb weaving spider, 
Epeira sclopetaria, very abundant, building its webs the front 
porch and the angles the building and roof. The habit 


Contribution No. from the Department Zoology and Entomology, Ohio 
State University. 


The note Boys (80) was not known the writer until the larger part 
these experiments had been carried out. 
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the female this species remaining the center her web 
for long periods time makes very convenient form study 
its normal surroundings. 

This species builds its web dead branches the angles 
buildings where there abundance small medium sized 
insects. The web usually consists 17, relatively 
inelastic strands which radiate from center like the spokes 
wheel. These radiating strands are attached their outer ends 
twigs boards guys stays which anchor several radii 
the support. Surrounding the center the web irregular 
network known the hub and notched zone which serves 
resting place for the inhabitant the web. For short space 
outside the hub the radii are bare (the free zone) but beyond this 
found the viscid spiral consisting finer strands which are 
extremely elastic and are beaded with microscopic sticky drops 
which serve hold and entangle the insect prey. probably 
the extreme elasticity these spiral strands which allows them 
detain strong insect without being snapped, thus giving the 
spider time reach the detained insect and complete its en- 
snarement the addition fresh silk from the spinneretts. 
The normal resting position the female spider with the head 
directed downward and the legs spread outward the notched 
zone shown Fig. The method used obtain this pho- 
tograph and the others following that used Comstock 
female spider was placed dead branch held 
the neck bottle which was set tray water. During 
the first second night the spider usually built perfect web. 
The branch was then moved the photographing table with 
little disturbance possible and placed front soap box 
painted dull black the inside. Arranged this way before 
the camera was possible take pictures showing the spider, 
web, and vibrator straw, and the various positions taken the 
spider the act responding the vibrator. 

The size the web varies from two inches even 
smaller when built very young spiders, eighteen inches 
more when built mature females. The male builds web 
very much like that made the female but has roving 
disposition one never sure that the same individual can 
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located twenty-four hours later while the females often live for 
weeks the same place, repairing the web every evening but not 
altering materially. 

crawling across the web the spider always follows radiating 
strand the edge the web, one the guy strands, and 
places its feet the radii the junctions the radii and 
spiral threads where the latter hold sticky materials. The 
front feet are usually placed the same radiating strand but 
the second and third pairs may spread out the two ad- 
joining strands. possible for the spider crawl rather 
swiftly along single strand for considerable distance, all eight 
feet using the same thread. crossing the web the spider usually 
leaves behind dragline which may remain across the web, 
adhering after the spider has returned the center Some 
individuals the other hand when they reach the edge the 
web swing free, held only the drag line which they climb 
returning the center. Occasionally one finds both methods 
employed the same individual. Most spiders are not skilful 
enough cross the web several times without tearing out 
snagging several the segments the spiral thread. When the 
web violently disturbed the spider usually retreats niche 
corner (the retreat) and remains there motionless unless again 
disturbed. Some individuals remain the retreat instead 
the center the web. When this done one forefoot placed 
the trapeline leading the hub and any activity the web 
such that produced entangled insect sends the spider 
like flash down the web. this connection another fact 
may noted; spider outside the center the orb always 
returns the center, takes the normal position and then orients 
before finds entangled insect. This might explained 
due the difficulty crossing the web any other path than 
the radii. However, the inability orient accurately any 
other position than the center gives clue more probable 
explanation. Individuals the species Epiera sclopetaria will 
eat nearly any insects which happen become entangled the 
web. The food those studied inside the screened porch con- 
sisted almost entirely rather large flies the genera Musca, 
Sarcophaga, and Lucilia. the snaring these flies that 
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this seems especially expert. When fly strikes 
web often goes through, breaking out one two spiral segments. 
If, however, does not break through hangs for second, buzz- 
ing, then breaks one two the sticky strands and flies away. 
fly seldom entangles itself such extent that cannot get 
free inside five seconds. successful spider then must reach 
the fly less than two three seconds after strikes the web. 
The actual capture the fly accomplished usually either 
biting the fly and stunning winding with web. The 
entangled fly may left where struck may torn from the 
web, and carried attached one the spider’s hind feet the 
center the web where thoroughly chewed and its liquid 
parts swallowed. 

The apparatus used produce rhythmic vibrations consisted 
three tuning forks and electric vibrator. One fork had 
vibration rate 100 double vibrations per second, another 
rate about 487 and the third was adjustable fork with 
large range vibration rates but with very limited amplitude. 
The electric vibrator was modified electric door bell which the 
clapper was replaced long grass straw. The number 
vibrations produced this instrument could varied some 
extent changing the tension spring and regulator screw, 
while the amplitude the vibration varied with the length 
straw used. The vibration rate the vibrator was obtained 
paper revolving drum with simultaneous record made 
the tuning fork giving 100 double vibrations per second. The 
electric vibrator was found more effective than fork because 
gave vibrations equal intensity, e., did not run down. 
had also another advantage that could controlled 
switch held the hand and could operated distance from 
the operator. stop watch was used measure the time elaps- 
ing between the beginning the stimulus and the arrival the 
spider the place where the straw touched the web. 


Using Rhythmic Vibrations. 
When the vibrator straw placed against one the spiral 
strands against one the radii and caused vibrate the spider 
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orients instantly and advances along the nearest radius the 
straw, seizes the straw with its mandibles and may spread web 
the straw with the hind pair feet (Fig. reaction 
carried out essentially this manner matter where the 
straw may strike the web. 

The orientation rapidly executed and followed closely 
the forward locomotion that difficult separate the two 
parts the response. If, however, the vibrator set motion 
for fraction second only the orienting accomplished but 
the forward locomotion toward the vibrator does not follow. 
second vibration while the spider oriented calls forth the 
forward response and attack the vibrator (Fig. 3). The 
photograph reproduced Fig. shows such orientation. 
the first vibratory stimulus not too long not followed 
second stimulus the spider usually returns the resting position 
the end few seconds. Some individuals, however, follow 
the orienting response interesting series activities. 
The fore feet are placed neighboring radii, drawn toward the 
body and released suddenly. This release sets the web 
vibrating parallel the spider’s longitudinal axis. The spider 
then turns one space the right left and repeats the process 
until she has oriented through complete circle and set every 
pair radii motion. The use this activity seen there 
happens captured fly piece dirt the web. When 
the two radii which pass either side the object are set vibrat- 
ing the object also set motion but its motion not the same 
rate that the rest the web and sets echo return 
vibration. this the spider responds. dead fly may 
rediscovered this way piece dirt may located and 
removed. 

Responses different frequencies show considerable variations 
and not possible predict that certain individual will 
respond definite way given stimulus. This variation 
response ranges from instantaneous orientation and forward 
locomotion slow orientation and slow approach toward 
the vibrating point may happen that sign will given 
that the stimulus has been perceived. Roughly speaking large 
spider responds most quickly vibration considerable am- 
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plitude with vibration rate 300 per second. was 
impossible with the materials hand construct vibrator 
giving high rate and having also considerable amplitude, 
recourse steel wires and small forks was necessary. The large 
spiders did not respond well wires and forks with high vibra- 
tion rate and small amplitude but they did respond instantly 
the vibrating wings Chrysops (127 per sec.), Microbembex 
(208 per sec.), Musca (284 per sec.), where the amplitude ranged 
from mm. mm. Small spiders responded quickly 
vibrations ranging from 100 per sec. 487 per sec. and even 
higher although the amplitude was very small. This difference 
responsiveness between the young and old spiders probably 
correlated with differences size and rate wing vibration 
the insects which are ensnared and used food young and 
old. general small insects have high wing vibration rates 
while the larger insects have lower rates wing vibration 
(Packard, 150). smaller spiders eat small insects 
and the large spiders eat larger insects. The following species 
insects were caught and eaten sclopetaria: Chrysops 
vitatus (127 vibr. per sec.); Calliphora vomitaria (130 vibr. per 
Microbembex monodonta (208 vibr. per sec.); Musca domes- 
tica (284 vibr. per sec.). Many small midges (Chironomus and 
others) were eaten the young spiders and occasionally the 
adults. The vibration rate these small midges probably 
very high, judged the high pitched note which they give out, 
but was impossible the time determine its rate. 


Experiments Using Y-shaped Vibrator. 


order determine whether the spider reacted single 
vibrating strand the center vibrating area the web, 
Y-shaped vibrator made insulated magnet wire was 
adjusted the vibrator and arranged such manner that its 
ends touched the web two places, apart. When the 
vibrator adjusted was operated the spider responded readily, 
going point the edge the web midway between the two 
vibrating points and then after some slight hesitation going toward 
one the other the vibrator wires (see Fig. 4). If, however, 
these points wire were more than cm. apart the spider the 
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center the web usually hesitated, turning first toward one, then 


toward the other, finally orienting one and attacking this 
itself. 
Response the Dark. 


order test the ability respond the dark the vibrator 
was set late the afternoon, the straw touching one the 
radial strands web which was built the frame window. 
The window was shaded the outside heavy thicket. 
9:30 P.M. the room was dark that person standing inside 
could discern the outline the window with the utmost difficulty. 
flash light from pocket electric lamp showed that the female 
occupying the web was the center her web. The vibrator 
switch was closed and the end about four seconds the electric 
flash light showed the spider biting the vibrator straw the 
same manner that shown Fig. This experiment indicates 
that unless these spiders use rays light which our eyes not 
perceive, sight plays essential part the orientation and 
the ensnaring the prey. 


The Distribution Vibrations through the Web. 


The distribution vibrations they travel across the web 
some theoretical interest. The following method for recording 
these vibrations was used with considerable success. spider 
its web was placed before the camera and made respond 
the vibrator repeatedly until would respond more. 
photograph (Fig. seconds’ exposure was then made while 
the vibrator was motion. The web was somewhat torn 
the spider before ceased respond, but the photograph reveals 
the thickening the lines the distribution and amplitude 
the vibrations all parts the web. The amplitude the 
vibrations decreases rapidly from the periphery toward the 
center. The radial strand connected with the vibrator shows 
the greatest lateral displacement while the strands either side 
this show less and less disturbance the distance away from 
the vibrator increases. slight thickening the spiral strands 
direction right angles the direction the primary vi- 
bration can noted the segments directly across the center 
from the vibrator. The center the web seems the part 
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least affected. there any motion here probably right 
angles the original vibration, that is, probably parallel 
the spiders’ long axis after orientation. 


Mutilation Experiments. 


The foregoing experiments coupled with careful observations 
the spinning behavior the orb-weaver lead the conviction 
that the organs used detecting the movements the web 
are proably tactile, least there are other organs described 
which would seem serve the purpose well. can 
little doubt that sense hairs are very abundant the legs, par- 
ticularly the tarsi these spiders. These hairs have been 
described Dahl (83), Wagner (88), McCook and recently 
(11). The functions these hairs have been inter- 
preted various ways, but little experimental work has 
been accomplished other than attempts show that some spiders 
hear. Responses sounds seem have been observed only 
those forms which build webs. seems likely that responses 
the web building forms are due the vibrations the air 
being picked the strands the web 412). 
was thought desirable determine possible the location 
the sense-organs used detecting vibrations. careful manip- 
ulation with pair fine dissecting scissors was possible 
snip off one more spider’s legs without causing the spider 
leave the web. necessary use great care not shake 
the web because irregular shaking gives rise the negative 
response, the spider running away the retreat. The contrast 
between this insensibility the amputation legs and extreme 
sensitiveness irregular vibrations the web emphasizes the 
fact that these spiders receive most not all their mechanical 
stimuli through the web. These operations caused the spider 
lose considerable blood but two three hours usually sufficed 
heal the wound. The stumps the legs were always held 
that they did not touch the web. 

Experiment 1.—After testing spider assured that its 
responses were normal the two forelegs were cut off near the 
middle the metatarsus possible. This spider immediately 
put the stumps the forelegs into its mouth. The next morning 
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this spider was its web. During the night the web had been 
repaired and new spiral thread put on. 

recording the test made this spider and those following, 
XII etc., refers the position the edge 
the web which corresponds the same hour the clock face. 
Thus o’clock used designate the edge the web which 
the spider normally faces when rest, e., directly downward. 

Experiment 1.—Spider with both forefeet cut off. Fork giving 
100 vibrations per second touching web 
III position spider reached fork inches from center 

seconds. 

position reached fork in.) sec. 
VII o’clock position reached fork in.) sec. 

Experiment 2.—Spider with third legs cut beween femur and 
patella. 

III position reacted in. sec. 
XII position reacted in. sec. 

This individual showed some difficulty climbing, but 
oriented accurately. 

Experiment 3.—Spider with second legs cut off patella. 

III o’clock position reacted in. sec. 
XII o’clock position reacted in. sec. 
o’clock position reacted in. sec. 

Experiment 4.—Spider with fourth legs cut off patella. 
Reactions entirely normal given above. 

Another set experiments which need not detailed were 
carried out. these the right first leg and left fourth leg were 
cut off and other similar combinations were made. all cases 
and the locomotion following were entirely normal 
except for the slight difficulties locomotion which might 
expected. These experiments indicate that the sense organs used 
reacting the vibratory stimuli are not restricted any one 
pair legs below the metatarsus. There are two possible dis- 
tributions sense hairs which would seem make possible the 
reactions detailed above; the sense organs may confined the 
feet, where they come contact with the web they may 
located the legs body such manner that they pick 
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the vibration the whole leg whole body. Hinged sensitive 
hairs uniformly scattered over the body might answer this pur- 
pose. seems most likely, everything considered, that the 
particular sense organs used are the tarsi each leg and come 
contact with the web. difficult conceive that animal 
whose feet are not extremely sensitive could travel manipu- 
late the delicate strands these orb-webs. 


IV. AND SUMMARY. 


under the influence [chemical] stimuli acting unilaterally they 
move toward away from the source the stimulus’’ (Verworn, 
249). has been shown above that Epeira sclopetaria 
orients its web and moves toward the source vibratory 
mechanical stimulus when this appropriate rate and 
amplitude. Thus this method response vibratory stimulus 
identifies the reaction positive taxis. The term tonotaxis 
would naturally used this connection, but since tonotaxis 
has been used another way seems advisable that the terms 
positive vibrotaxis should applied short descriptive term 
desired. 

The foregoing may summarized follows: 

Epeira sclopetaria, orb-weaving spider, starting from the 
center its web able orient, charge and seize flies which 
strike and are detained the web. This process carried out 
with extreme rapidity. 

With the aid mechanical vibrator possible show 
that the stimulus vibratory, the spider orienting and 
attacking the vibrator even the dark. 

The response can analyzed into, orientation, 
(b) the forward response, and (c) the attack the vibrating 
object. The response essence positive vibrotaxis. 

The vibrations are transmitted through the web all 
directions from the vibrating point but the intensity (amplitude) 
decreases toward the center the web and either side. The 
lines equal intensity the vibration form roughly series 
circles the centers which are the vibrating point. 
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The sense organs used detecting the stimulus are probably 
sense hairs the tarsi. 


This orb-weaving spider provides itself with temporary 
extension its tactile sense organs which makes its tactile sense 
reality distance receptor, much like auditory ol- 
factory organ. 
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EXPLANATION PLATE 


Fic. Showing female Epeira sclopetaria the normal resting position 
the web. The arrow indicates the place where the vibrator straw touches radial 
strand the web. 

Fic. The same individual, shown Fig. orienting the vibrator which 
had been motion for fraction second just before the photograph was taken. 
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EXPLANATION PLATE II. 


Fic. spider attacking the vibrator straw while motion. 
Fic. spider the act responding the Y-shaped vibrator. 
the vibrator appears front, the other behind the spider. 
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EXPLANATION PLATE III. 


Fic. photograph showing the spider the normal resting position the 
web, while the vibrator motion. The arrow indicates the place where the 
vibrator straw touches radial strand. The doubling blurring the lines the 
web shows the distribution the vibrations. 
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